2019 %sd£. juo^I Ip cLcjJI pSJLm Space truss 


Space truss OjJUaJ) 

c_A^s JIia ja Space truss <^L>^ - 

A AlxM L " )?!l±a ^ > nVifo JauU ^3 A^jUaLLoil CjLqIc-^II ^ja ^ ji <■ ^a jJI 
4 jljujI^ 11 4_i3a*j ^3 A a.I^Jjuia]| A ^Iv^t ^jjoi^,| ^ja j (j^ll IIJ 

^^Ijill jjJLxaiJ ^jujLuiV 1iA iaII aAL\± ©AaC- i ^Jl <bs*L^Jl ^jjAj 

CjI^.j t iV</\U yjjkl (JjJJ^jJjuaaII ^JA 

l^gjfijAAJ AjJC-H (_£ jfijAA l aSiC- ^)^Jl (_J!Ld LlC.|^)S A \. ^1 ^ 

^jjxj LuHaII ClsLaLiJ ^)j£l J 4-lIlc. s$.li£ ^Jaill Ia& ^)3Jj <Ia3 

44 J £j&a\\ ^3 A l ^*\1 1 _iijaij ^^3 jill 

Jaijjallj Tension t - 


ii^. 


.c^^V' ^ JU^bU Compression 
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(members) s &a ^Ualll £j£jj 


^loLuiaj (joints) 


J^ 2 L 2 


J **»* 

j^aJJ 


<^1^. (Jj^aJ <jl \ g A ) Ud jjaLuia 4-jjLcgj jjjuiI ja £juiJ jl ^Iaj A-plstll 


(parameter) <— sljjiia s^c. <iiU& s.ia.!j 4_Lij ^ SjjjuiIaSjjoic. Uiil 

AdJaij jI^jaII jflll A x\ j AdlduVlj Aj^)Ia*a1I ^jjjLslaII 

\ g n l Vi j U jiaS gJUltjj Jjlaj (span) C5^ J ^ 

4_£^)Laxa]I ^jjjA^aII ^liaill idk (_£ jUaXA^ (Judd!!] Aj«uullj 

dll-2kj3 j] dllc-lilijl ji dll i>»laA^l j] l^J jjJLa. V dA-ddc] 
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(^60) (_5^j .1^,1 j\\ a!aI£ 

(f 120) <> j&\ jj^ji ^1*11 ^UaiL (^20) 

la^j ^g3 jjjJ^g.jl^Ja. x. jjVI lajllJ l^jlc. L_liill]| 

j A-jJt-iilall fi£.Lja jll ClaLujlLall la ^ j CllL^jS <_JaC. ^j£-aj 

Ja£j ^gi d^LjaVl C1 jIjl^.j (j£aj 3 Ajc-ljj^all o^Lja^U 4_iuiillj 

d)jUl£ ^113j (_£^)La*_a]I ^LQJ^aj]) l—Lul^. c^lljIJ ^LsIilVl 

Lg_ juoSJ ^gC.1 jill (j^lLa^Jl ^)JjujI j a S^LjaVI 

L-iajI ^ Q ..:: I jii jjlUaJl ^jjjojS j-ol ^gj^x^oll ^JajuJl A^JU^aI AjjouIIj 

AjiiaJI (_£jlc> ^)aj l^)j yjju ^ J) ls^" ^ ^(jlA3 i CjUjIIaI o^c. 

Ajjjj jl /jA jl A^iL CjUjjj ^joW -ft\l ^Jajudli ^jlAJ jl A_pLxJl 

c*\n l uh j jjlill jjill 


(j^LoaJ] (_£^*-^1 ^JajuJl ^glc. (jl (j^AJ A-ilajLill (jA ^(_^l 


(L,Tsec) WSUU^S M j j 

:Jbu^l ^ 


Jjjll <^k- 


^L-ajSVI jA^'j lSjAA' J^il- 

** ♦* 
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jUuVI *bi ikJJU jVI 

AjJLxJI tduiUull SAjuj- 


L-JJj^aUll J ^.Uuil aS jg_ juj- 

S-ldll A il£j j ClaSj ^jli- 
^^£.1 jill J o^jUVI Jio) CliU^k- 

jbuV! ^ 

J^oC. J s-ldll ^)Ua] 'j^ Aj^p. jLoxaII ^adjj- 

ol Jax A-^.1 joiaII dal aj i o'qM' j 


•Aj\ »l 


*(J!La o^)Jj£ CjI^Lowj AjJaau - 
CliV^-a - dal£.Ui]| - — ^daLa^ll jIjjujVI - 

— Clal^jUall ^p.lj& - Clal jt 3-»<a\l 


t_jjjdll ClaVU-a 

j ? 4_^,ljjud]| dal a\ (, A ^ l tA-ipj] j^\ 

^jIslaII ? dal^pjjpll dlfrlSj ^"^Luba ? dl^jUall 

c_flLuJI dlj (jUilLuiVl ClaVtk-a ? i" \\ ^ ? Aj 3jill 
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jUa^a ^ L—1C. ^La ? ^)ia^)JLA]| djlAjliail ? 



jLuUJjjVI 


^uuii e^i 


Steel -1 
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*lj*i 
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4_iC. jj JJjjjI JA jjc. fijLc. ^ j (Ajl.te dH 4jil \jlflAduVI JljC'VI) -1 


6 4-^ ^jc-VI e^&j (52,44,37) 


ujj%* 80 J' 70 c> ^ *** 0 

o^iijL^a 4_JaIcJ^® “ C 5 "^ (JfLj dllLa 


Jjjj " 
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:DIN 17100 ST 44-2 Steel Mechanical Properties 


Quality of Steel 

Minimum Yield Stress 

Tension Strength 

Maximum Elongation 

St 37-2 

235N/mm 2 

240-470 N/mm 2 

240% 

St 442 

275N/mm 2 

410-580 N/mm 2 

20% 

St 52-3 

355N/mm 2 

510-680 N/mm 2 

20% 




DIN 17100 ST 44-2 Channel Steel Mechanical Properties: 


Material 

Tensile strength Mpa 

Normal thickness mm 

<3 

>3 ,<100 

>100 

St 44-2 

430-580 

410-540 

By agreement 


Material 

Minumum yield strength Mpa 

Normal thickness mm 

<16 

>16,<40 

>40 <63 

>63,<80 

>80,<10 

0 

>100 

St44-2 

275 

265 

255 

245 

235 

By 

agreement 


Material 

Elongation M pa % 

L0=8 Omm Normal 

thickness mm 

L0=5.65 V SO mm Normal thickness mm 
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>0.5, 

<1 

>1, 

< 

1.5 

>1. 

s 

s 

<2 

>2, 

< 

2.5 

>2. 

5, 

<3 

>3, 

<40 

>40,<63 

>63 ,<100 

>100 

St 44-2 

14 

15 

16 

17 

18 

22 

21 

20 

By 

agreement 


t&Ja jj-ujI ja!\ ^j^jLuO^j Jbul 
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PIPES 

Dimensions and Properties 


Pipe 

D 

t 

Area 

Weight 

x-x 

No. 

(mm) 

(mm) 

(cm 2 ) 

(kg/m) 

Mem 4 ) 

S x (cm 3 ) 

r x (cm) 

38 

38 

3 

3.3 

2.59 

5 

2.63 

1.24 


38 

4 

4.27 

3.35 

6.26 

3.29 

1.21 

44.5 

44.5 

3 

3.91 

3.07 

8.46 

3.8 

1.47 


44.5 

4 

5.09 

4.00 

10.5 

4.74 

1.44 


44.5 

5 

6.2 

4.87 

12.3 

5.53 

1.41 

60 

60 

3 

5.37 

4.22 

21.9 

7.29 

2.02 


60 

4 

7.04 

5.52 

27.7 

9.24 

1.99 


60 

5 

8.64 

6.78 

32.9 

11 

1.95 

70 

70 

3 

6.31 

4.96 

35.5 

10.1 

2.37 


70 

4 

8.29 

6.51 

45.3 

13 

2.34 


70 

5 

10.2 

8.01 

54.2 

15.5 

2.31 


70 

6 

12.06 

9.47 

62.3 

17.8 

2.27 

76 

76 

3 

6.88 

5.40 

45.9 

12.1 

2.58 


76 

4 

9.05 

7.10 

58.5 

15.5 

2.55 


76 

5 

11.15 

8.75 

70.6 

18.6 

2.52 


76 

6 

13.2 

10.4 

81.4 

21.4 

2.48 

89 

89 

4 

10.7 

8.38 

96.7 

21.7 

3.01 


89 

5 

13.2 

10.40 

117 

26.2 

2.98 


89 

6 

15.6 

12.30 

135 

30.4 

2.94 


89 

7 

18 

14.2 

153 

34.3 

2.91 

108 

108 

5 

16.2 

12.70 

215 

39.8 

3.65 


108 

6 

19.2 

15.10 

251 

46.5 

3.61 


108 

7 

22.2 

17.40 

285 

52.7 

3.58 


108 

8 

25.1 

19.7 

316 

58.6 

3.55 

133 

133 

5 

20.1 

15.80 

412 

62 

4.53 


133 

6 

23.9 

18.80 

484 

72.7 

4.5 


133 

7 

27.7 

21.80 

552 

82.9 

4.46 


133 

8 

31.4 

24.7 

616 

92.6 

4.43 



Conics -2 
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j (JaaIJ j) ^C-VI ladjgj j ^jJa£. ^A - 


^jUJl jJaSSl JjliL f jL jA j JljC-VL Jajj^Sl 
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mero:V£j^ Sjill -3 


(_J.o£. (iyi^*<all *Llj|^JajujVI cJ .!‘~ 

j t_£J i" A ^1^1 S^)£ilj L_)jijj 

A y'w a\I 
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(.•*^1 jIIjIaI lia j UjIjjoI C 5 ic. l_j jaiill - 


. JfLisJl Cjt9a-a! ja j 


^A_ij^LA]| inljU.^I (Jjjj 
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DIN 17100 ST 44-2 ^ ^ 240 ^ 60 <> - 

j 190 j 154 j 132 j 110 j 90 j 75 j 60 jlLiVlj 




240 

d j$l\ (jk CjI Viill 
^ A ^ t (j-a J.iC- jj£ 1 j £ CjIajS Jil ,j£Jj 


dUax^II A^LuiaSs Jj LgJt3 jaj jj£]1 ^ 


DIN 17100 ST 44-2 J ^ *jj£5I p\mJ ^j* 
TS 2525 -2 Standard J tiJa 45 ^ - 
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J Lo£i ( ^lc. .Luilt f j< A J - 



Bolts Aaj|jk«iVI Uflljialj £jIa»a -4 

M CjI j - 

^ 64 ^ 12 cl^ J\ ^laS - 

JaJ^L^a j jl^C-l 1 g ■• JJ f t i >>r-1 JaJ^) ^IaLuiaII Aidla j - 

JJ^J 
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Clujlilll ^-all ^_a!Lj ^uj] ^LajoiaII - 

^laS ^JJj ~ jUdJobdll q C- (Jfij VI <-_La>j (_£,i]l J 


4_ilc- Audi) 6^3 ^lc- l$.ljj ^)Lajoia1I 
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Diameters and Quality of Bolts 
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Diameter (mm) 

Quality 

12 

S.S 

12 

10.9 

ia 

S.S 

1<5 

10.9 

20 

S.S 

20 

10.9 

27 

S.S 

27 

10.9 

30 

S.S 

30 

10.9 

33 

S.S 

33 

10.9 

3<5 

S.S 

3a 

10.9 

39 

S.S 

39 

10.9 

42 

S.S 

42 

10.9 

48 

S.S 

48 

10.9 

sa 

10.9 

ao 

S.S 

ao 

10.9 

a-4 

10.9 


Nuts -5 


jl ^C,^J JaJ^) 4-2ajuil JaJ^) - 

J-all ^ ^)3jJ 1 ^ ^)L<lJuJ-a 

^3 ONn.ull ^jLajuiaII lls^ ^1^.1 ^1) 4 \ j ^)Ja3 fh - 
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^ic. (_J-oxj )ah x jail ojfi ^ic. ^Jbalia-J - 

A uia \ *"*< A \j/\t l U» xia oj3 I jiaj c jjJnxil 

CF ^JjUa-aSl ^Jajjdll A^Luia ^j3 jj ^jj Lg-^Jajuj 



Outer and Inner Diameters and Allowable Compression 
Stresses of Nuts. 
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Outer Diameter 
(mm) 

Inner diameter 
(mm) 

.Allowable compressive 
stress(tcm') 

19 

13 

1.8 

27 

IS 

1.8 

30 

22 

1.8 

36 

22 

1.8 

41 

22 

1.8 

46 

22 

1.8 

41 

29 

1.8 

46 

29 

1.8 

55 

29 

1.8 

60 

29 

1.8 

65 

29 

1.8 

46 

32 

1.8 

50 

32 

1.8 

50 

33 

1.8 

60 

35 

1.8 

55 

35 

1.8 

75 

3S 

1.8 

60 

38 

1.8 

75 

41 

1.8 

75 

44 

1.8 

75 

44 

1.8 

65 

44 

1.8 

70 

44 

1.8 

99 

50 

1.8 

75 

50 

1.8 

80 

50 

1.8 

99 

64 

1.8 

99 

66 

1.8 


purlins -6 
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CIjIjIAaIIj St-37.2 \. v>w ClA-aLi. SAaC-VI - 

oaa ^^ic. cjUkiill cjjjijj ^laj (I,C,U) 

cIjLIaaII 

4_ilC1 jIjIAa]| dnjlill ClaLdlc-J o^)£Jl ^ja - 
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Supports <-*t. jlat 4 n*^l ujl^Qaii) -7 

\\ c_fll^)jai i^lc* <Jj!La]l diLdlc-^ll Clslc-UaS) JjuI j (J£juj - 


(JfLi^Jl Cllisj^al j-q j CllLAiallA (. - 4 aVi^ 

steel cf- b J-^ ls* j' - j «>Uj 1 gi c^jjj jl - 

20* 20 ^ 10*10 t> plate 

(J tiilaj St-52 St-37 \. v ^^ CliLaLi. CliVc-dakll t^llj ^jjL^aj - 

TS 2525 -2 Standard 
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SUPPORT DETAILS 

1 Space Frame Mode 

2 Space Frame Member 
3- Nut 

4 l ift oft and Horizontal 
Stop 

5 Column 

6 Base Plate 

7- Bearing Plate 

8- Cone 

9 Teflon 

10 Anchor Bar 
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: JSttfl.J \^11 


4_Lajoil jj ClijJJ)Jl j\ jju^a ^ja i 0 ^ 


* j Ia^^/IL ^aJ 4jM ^J<\1 J 


6J^JJ J ^luill 4_iloC. (JJ^L <jc- 
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^AAj, Will QA Jl^laVl C t 1»^ ^Ic- jC-Vl ^• >Q "' ^aJJ - 

J Lo£i ^C-VLj -la. 4_at_g_j ^jj - 

4 L L A 4_2kli3 ^)Ldjubo]| JU.^1 ^aJJ - 
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dowel pin (44* j' o*. l*P) 44 ^Jt 4?j 4- 




(b) Dowd pin Conical end piece 
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^ jl j 4_lajui! jj AjtSj ^aJJ ^aJ 

Cj V^-S-ui AJsjujI jJ 
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SPACE FRAME PROJECT 

CONTENTS 


1- SPECIFICATION & TECHNICAL PR0P0RTIES OF USED MATERIAL 

2- USED MATERIAL and ALLOWABLE STRESSES 
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2.1- NUT STRESSES 

2.2- BOLT STRESSES 

2.3- PIPE STRESSES 
2.4 NODE STRESSES 

3- LOAD VALUES 

4- METHODS 

4.1- SPACE FRAME MEMBERS 
4 2-PIPES CHOSEN 

4.3 BOLTS CALCULATION 

5- LOAD ANALYSIS 

5.1- LOADS 

5.2- LOADING COMBINATIONS 
1. SPECIFICATIONS • 


The design is done according to the Egyptian code of 
practice STEEL CONSTRUCTION AND BRIDGES 
CODE No. ECP 205-2001. 
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2. USED MATERIALS and ALLOWABLE STRESSES 

Space frame system members are formed by steel pipes, conics, nuts and bolts. 
These members join with spherical nodes. The pressure forces on the pipes are transfered 
to the nodes by the nuts and the tension forces are transfered by the bolts. Material 
qualities and allowable stresses of the members used in space frame systems are listed 
below. 


PIPES. 

.: St.37 

SPHERES. 

.: St.60 

BOLTS. 

.: 8.8/10.9 

NUTS. 

St 37 

PILS. 

St.37 

CONiCS. 

St.37 


39 











2019 Kjdc. juo^I Ip cLcjJI pSJlujj Space truss 


•2.1 

. NUT STRESSES: 




Yield stress 

Allowable Stress 


2400 kgf/cm2 

1440 kgf/cm2 


*22 

!. BOLT STRESSES: 



Quality Tension stress 

Yield stress 

Allowable Stress 

8.8 

8000 kgf/cm2 

6400 kgf/cm2 

3840 kgf/cm2 

10.9 

10000 kgf/cm2 

9000 kgf/cm2 

5000 kgf/cm2 



(1) 



•2.3. PiPE STRESSES : 



Quality 

Tension stress 

Yield stress 

Allowable Stress 




H HZ 

ST37 

3700kgf/cm2 

2400kgf/cm2 

1440 kgf/cm2 (1656 kgf/cm2 ) 
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•2.4. NODE STRESSES: 

St. 60.: 2040 kgf/cm2 

3. LOAD VALUES 

Load effects on space frame system members are calculated by the special 
software " Framecad " Loads on members affected on the nodes at the top chard by 
converting the area load to single load in proportion to the area covered by each node. 
Pipes are calculated only for axial tension or compression forces included from the nodes. 
No moment creating loads on pipes themselves are allowed. 

Assumed loads for system solution are as follows: 

•Space system self load 24.80 kgf/m 2 

•Purlin + Cladding for top chord 20.00 kgf/m 2 

•Billboard load 40.00 kgf/m 2 

•Collateral load for bottom chord 10.00 kgf/m 
•Live load for top chord 60.00 kgf/m 2 

•Wind load vertical protection seperately - kgf/m 2 
•Temperature variation At = +/- 33° C 


41 






2019 %sd£. juo^I Ip cLcjJI pSJLm Space truss 


U£ ^ 1.1 -JUjVIj 0^ 1.3 J^aJt cr^J - 



D- APPLIED FORCES:- 

M x 

My 

N 


Case 

0.00 int a Steel Grade St.37 

0.00 int a F y = 2.40 t/cm' 

1.30 t F u = 3.60 ton' 


^Uallt AaLula ljLu^ l-iLu^i Jxj - 

Choice of section 


A . Force (ton) 

"pipe ■=■ i ^ 


■^V f t \ cm 2 ) * 7 • £ 

1 i 

(compression) Case A_ r !_Ctase_l?_Tention 


Ft — 1.40 t\ cm) 
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4.2. PIPES ARE CHOSEN FROM THE LIST BELOW: 


38 0_UaS jlulj p JjIuJ) Jj-iaJl <>j - 

2)- C HOISE OF SEC TION:- 



£1^1 ^ CHECK COMPACTNESS <±& ft JjSU - 


43 
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Non-compact (Ar) 

b/t^30/VFy 

(f) Tubular section: 

'■Ol 

Class 

Section In Bending and/or 

Compression 

1. Compact (Xp) 

DA$ 165/ F y 

2. Non-Compact ( Xr ) 

DA $ 211/ Fy 

F y \o t/cm 2 

(*) For unequal angles 

CHECK C OMPAC TNESS 

D/t = 38 \ 3 = 

12.67 


The see is Compact 


CHECK NORMAL STRESSES fr - 

fctiaiii Buckling Ji ^ - 

Jj£j ,jSJ j jALiJ! jUjI j JjUl 'Xiicj Buckling J! jt jl>o dJA j 
. (X) Jl oLl>J member^ ojUJ! Buckling Jl jIjlLo 

Jl = — => Buckling length (cm) 

V => radius of gyration (cm) 
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= 1.1 \ 1.24 = 88.7 <180 




2.2.1.2 Maximum Slenderness Ratios (X max ) 

The slenderness ratio of compression and tension members, shall not exceed 
AmarOf Table 2.3 


Ta 


ble 2.3 M aximum Slenderness Ratio for Axially Loaded Members 


Member 

Amax 

Compression members 

180 

Bracing systems and secondary compression members 

200 

Tension members 

300 


Ok. Safe 

Allowable compression Stresses jli* uU, 

ILlL jj ljluA 

_ 5 J* 

Fc — 1,4— 6,5 * 10 % max. t\cm 21 -> Steel 37 

= 1,6- 8,5* 10 5 % max . t\cm* ■= =^> S'teel 44 
= 2,1 — 13,5 * 10 Amour. t\cm 2 1 > Steel 52 

A 

Fc = 0.89 t/cm2 


c 


OLC't'ULCLl s~tnre ss 


actual stress Jt pi 
— nrc e 
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1.3 \ 3.3 = 0.39 


CHECK NORMAL STRESSES 


fbcx 

= 

0.00 

fbcy 

= 

0.00 

^ca 

= 

0.39 

Fbcx 

= 

1.540 

Fbey 

= 

1.728 

Lbm 

= 

1.10 

Lbout 

= 

1.10 

'^max 

= 

88.57 

F c 

= 

0.89 

fca ; F c 

= 

0.44 

Ai 

= 

1.70 

Aj 

= 

1.70 


t/em' 

t/cm* 

t/cm‘ 

t/cm" 

t/cm 2 

m 

m 

< 180 SAFE 
t.cm‘ 

C^ = 1.00 

C m = 1.00 


: Applying the interaction equation ISjLj 
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2.6.7 Combined Stresses 

2.6.7.1 Axial Compression and Bending 

Members subjected to combined ax’al compression (N) and 
simple bending moment <M) about the major axis, shall be 
proportioned to satisfy the following interaction Equation: 

A n -+• a 2 £ 1.0 . 2.35 

^ c ^bcx ^bcy 


For cases when f c J F < < 0.15, 
otherwise: 

Cm* 


Ai = A 2 =1.0 


Ai = 


A j = 


*my 


(1 - 

*Ex 


O- 


Where: 

fc« 

Fc 

F bcitrP t>cy 
F Ex* Ffcy 


Actual compressive stress due to axial compression. 
The allowable compressive stress, as appropriate, 
prescribed in Clause 2.6.4. 

The actual compressive bending stresses based on 
moments about the x and y axes, respectively. 

The allowable compressn/e bending stresses for the x 
and y axes, respectively, considering the member 
loaded in bending only as prescribed in Clause 2.6.5 
The Euler stress divided by a factor of safety for 
buckling in the x and y dlrectons, respectively (t/cm 2 ) 


k 

(F c )+(fba ; Fbcx) Ai +(f^, / ) A] - 0.44 < 1.00 SAFE 

fca = Actual Compression Stresses = (N/A) 

Fc = Allowable compression Stresses (A<100 or A>100) 
fbx = Actual Bending Stresses in x-direction (Mx/Sx) 

Fbcx = 0.64Fy (case of Compact or 0.58Fy in case of 
Non-compact (Allowable bending Stresses on the 
compression side due to Mx 
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fby = Actual Bending Stresses in y-direction (My/Sy) 

Fbcy = Actual Bending Stresses due to My = 0.72Fy in Case 
of Compact Sec. 

and= 0.58Fy in Case of Non-Compact Sec.) 

A1 and A2 = 1.0 for (fca/Fc) <0.15, (Code pp.25), 
Otherwise: A1 = (Cmx/ (1-fca/FEX) (Code pp.25) 

And A2 = (Cmy/ (1-fca/FEY) Code pp.25 


Where: Cmx and Cmy are Moment Modification Factors and 


to be taken according to the following: 

(i) Side sway permitted Cm = 0.85 

(ii) Side sway prevented with transverse Load 

Cm = 1.0 Hinge End 


Cm = 0.85 Fixed End 


Without transverse Load: Cm = 0.6-0.4(M1/M2) < 0.4 
The Euler Stresses for buckling in X&Ydirections: 
FEX = (7500/Xx2) (Codepp.26 Eq.2.36) 

FEY = (7500/Xy2) (Codepp.26 Eq.2.36) 
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NODES 

ELEMENTS 

TYPE 

DIA. 

NO’S 

TYPE 

DIA. 

NO’S 

SYSTEM LEN. 

NET LENGTH 

BOLT 

NUTS 

NODES 

MATERIAL 

1-22 

75 

142 

1 

42,4x2,50 

40 

1881 

1753 

112-10,9 

22/13 

75-75 

S235JR 

23-25 

154 

8 

2 

42,4x2,50 

252 

1672 

1544 

112-10.9 

22/13 

75-75 

S235JR 




3 

42,4x2,50 

36 

1649 

1521 

112-10,9 

22/13 

75-75 

S235JR 




4 

42,4x2,50 

111 

1909 

1781 

112-10,9 

22/13 

75-75 

S235JR 




5 

48,3x2,50 

5 

1881 

1753 

112-10,9 

22/13 

75-75 

S235JR 




6 

48.3x2,50 

18 

1649 

1521 

112-10,9 

22/13 

75-75 

S235JR 




7 

48,3x2,50 

6 

1909 

1781 

112-10,9 

22/13 

75-75 

S235JR 




8 

50,3x3,00 

19 

1881 

1753 

116-10,9 

27/18 

75-75 

S235JR 




9 

60,3x3.00 

1 

1649 

1521 

116-10.9 

27/18 

75-75 

S235JR 




10 

60,3x3.00 

8 

1909 

1781 

1-10,9 

22/1! 

75-75 

52351 




11 

60.3x3,00 

8 

1881 

1717 

1-10,9 

27/18 

75 - 154 

S235JR 




12 

60,3x3.00 

12 

1672 

1508 

116-10,9 

27/18 

75-154 

S235JR 




13 

60.3x3,00 

12 

1909 

1745 

1-10.9 

27/18 

75 - 154 

52351 
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<*•> i 

* C D7 




2008 ^j* v ^» (.** il /iVmW ls ^ - 

YILMAZ AYDINCILAR - 


:OPTIMUM DESIGN OF DOUBLE-LAYER GRID SYSTEMS) 
COMPARISON WITH CURRENT DESIGN PRACTICE USING 

(REAL-LIFE INDUSTRIAL APPLICATIONS 

Emeco steel ^- 


4<aV<-v V:i dull <.“ll A jjiiilA jiaxj - 
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